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(54) Soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel 
tank and method for manufacturing fuel tank 



(57) A soluble lubricating surface-treated stainless 
steel sheet with excellent shapability for fuel tanks, com- 
prising a substrate having on both surfaces or one sur- 
face thereof a soluble lubricating resin film. Preferably, 
the soluble lubricating resin film mainly comprises (A) 
an alkali-soluble polyurethane resin composition con- 



taining a carboxyl group or a sulfonic acid group within 
the molecule and having a glass transition point of 
100°C or more as a dry film and (B) a lubricating func- 
tion-imparting agent in an amount of from 1 to 30% by 
mass based on the polyurethane composition. 
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Descripti n 

[0001] The present invention relates to a soluble lubricating surface-treated stainless steel sheet with xcell nt 
shapability forfuel tanks, obtainabl by forming a soluble lubricating film, and also relates to a method for manufacturing 
a fuel tank. 

[0002] The automobile fuel tank has a complicated shape in many cases and is required to have excellent process- 
ability (deep drawing property). Furthermore, the fuel tank is an important protective part of an automobile and therefore, 
as a matter of importance, the material used therefor must be a material which generates no corrosion product giving 
rise to the filter blocking, is free of any fear for formation of a corrosion hole and can be easily and stably welded. A 
Pb-Sn alloy plated steel sheet (see, JP-B-57-61833), which is a material having these various properties, is being 
widely used as the material for automobile fuel tan ks. This material exhibits stable chemical properties against gasoline, 
excellent press shapability due to excellent lubricity brought by the plating, and good resistance welding property such 
as spot welding and seam welding. However, in recent years, an unleaded material is in demand in view of the load 
on the environment. 

[0003] One fuel tank material containing no lead is an Al-base plated steel sheet. Al exhibits good corrosion resistance 
against gasoline, alcohol or organic acid resulting from deterioration of gasoline, because a stable oxide film is formed 
on the surface thereof. In producing a fuel tank using the Al plated steel sheet, the weldability and the processability 
are the problems. A treatment for improving these properties is proposed in Japanese Patent Application No. 8-287997. 
[0004] On the other hand, a stainless steel sheet is a fuel tank material capable of satisfying the requirement for 
higher corrosion resistance demanded from the standpoint of eliminating the fear for a corrosion hole. The stainless 
steel sheet has both excellent corrosion resistance and good weldability and if it can be processed into a desired tank 
shape, the stainless steel sheet can be an excellent fuel tank material. However, the processability of the stainless 
steel sheet disadvantageous^ fails to cope with the complicated shape of fuel tanks inmanycases. 
[0005] An object of the present invention is to solve these problems and provide a soluble lubricating surface-treated 
stainless steel sheet with excellent shapability for fuel tanks, which is obtainable by coating a soluble lubricating film 
on both surfaces or one surface. The object of the present invention includes providing a method for producing a fuel 
tank. 

[0006] This object could be attained by a stainless steel sheet obtained by coating a specific soluble lubricating resin 
film on both surfaces or one surface of an austenite-type stainless steel sheet, a ferrite-type stainless sheet or a two 
phase-type stainless steel sheet 

[0007] More specifically, the soluble lubricating surface-treated stainless steel sheet with excellent shapability for 
fuel tanks according to the present invention is characterized in that the substrate stainless steel sheet is any one of 
an austenite-type stainless steel sheet, a ferrite-type stainless sheet and a two phase-type stainless steel sheet and 
on both surfaces or one surface thereof, a soluble lubricating resin film is formed. 

[0008] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 
to the present invention is characterized in that the substrate stainless steel sheet is any one of an austenite-type 
stainless steel sheet, a ferrite-type stainless sheet and a two phase-type stainless steel sheet and on both surfaces 
or one surface thereof, a soluble lubricating resin film mainly comprising (A) a soluble polyurethane resin composition 
containing a carboxyl group or a sulfonic acid group within the molecule and having a glass transition point of 100°C 
or more as a dry film and (B) a lubricating function-imparting agent in an amount of 1 to 30% by mass based on the 
soluble polyurethane resin composition is formed. By coating with this soluble lubricating resin film, the obtained soluble 
lubricating surface-treated stainless steel sheet for fuel tanks can provide excellent shapability even under severe 
conditions in press molding such as deep drawing and ironing. 

[0009] The soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks according 
to the present invention is characterized in that the substrate stainless steel sheet is any one of an austenite-type 
stainless steel sheet, a ferrite-type stainless steel sheet and a two phase-type stainless steel sheet and on both surfaces 
or one surface thereof, a soluble lubricating resin film mainly comprising (A) a soluble polyurethane resin composition 
containing a carboxyl group or a sulfonic acid group within the molecule and having a glass transition point of 100°C 
or more as a dry film, (B) a lubricating function-imparting agent in an amount of from 1 to 30% by mass based on said 
soluble polyurethane resin composition and (C) silica particles in an amount of 1 to 30% by mass based on said soluble 
polyurethane resin composition is provided. By adding silica particles within the above-described range, the adhesive 
property between the soluble lubricating resin film and the stainless steel surface is improved and furthermore, the 
alkali-soluble lubricating film is improv d in the film strength and in th galling resistance. 

[0010] Thesoluble lubricating surface-treated stainless steel sheet with excellent shapability forfuel tanks according 
to th present invention is characterized in that the amount of an acid group c ntained in the soluble polyurethane 
resin composition constituting the soluble lubricating film is from 30 to 1 80 in terms of an acid value. By introducing a 
compound having in the polyurethane molecule an acid group in an amount of 30 to 180 as an acid value, the coating 
can have adhesive property to stainless steel and thereby follow the molding even under severe molding conditions 



EP 1 186 351 A1 

despite th fact that the glass transition temperature of the dry film is 1 00°C or more. 

[001 1 ] The soluble lubricating surface-treated stainless steel sheet with excellent shapabiiity for fuel tanks according 
to the present invention is characterized in that the neutralizer for the acid group contained in (A) the soluble poly- 
urethane resin composition for forming a soluble lubricating resin film is sodium hydroxide or potassium hydroxide. 
Since the neutralizing agent for acid group is sodium hydroxide or potassium hydroxide, the solubility necessary in th 
present invention can be achieved. 

[0012] The term "soluble lubricating resin composition" means that the composition can be formed into an aqueous 
solution, emulsion or dispersion to coat the composition on a stainless sheet and the composition after it is coated and 
dried can have a lubricating property and can be solved with an alkali degreasing solution or hot water, for example, 
so that the composition can be removed from the surface of the stainless sheet. 

[001 3] The soluble lubricating surface-treated stainless steel sheet with excellent shapabiiity for fuel tanks according 
to the present invention is characterized in that the main component constituting (A) the soluble polyurethane aqueous 
composition for forming a soluble lubricating resin film is polyester polyol. Since, the main component constituting (A) 
the soluble polyurethane aqueous composition is polyester polyol, the solubility necessary in the present invention can 
be achieved even at low temperatures such as room temperature. 

[001 4] The soluble lubricating surface-treated stainless steel sheet with excellent shapabiiity for fuel tanks according 
to the present invention is characterized in that the main component constituting (A) the soluble polyurethane aqueous 
composition for forming a soluble lubricating resin film is polyether polyol. Since the main component constituting (A) 
the soluble polyurethane aqueous composition is polyether polyol, the coating can have flexibility capable of following 
the molding even under severe molding conditions despite the fact that the glass transition temperature of the dry. film 
is 100°Cormore. 

[0015] The soluble lubricating surface-treated stainless steel sheet with excellent shapabiiity for fuel tanks according 
to the present invention is characterized in that the lubricating function-imparting agent (B) for forming the soluble 
lubricating film comprises one or more members selected from the group consisting of polyolefin-based wax, fluorine- 
containing wax, paraffin-based wax and stearic acid-based wax. By the addition of this lubricating function-imparting 
agent, a low coefficient of dynamic friction is ensured over a wide temperature range and good lubricating perf prmanc 
can be obtained. 

[001 6] The soluble lubricating surface-treated stainless steel sheet with excellent shapabiiity for fuel tanks according 
to the present invention is characterized in that the substrate is an austenite-type stainless steel sheet comprising, in 
% by mass, C: 0.5% or less, Si: 5% or less, Mri: 15% or less, P: 0.1% or less, S: 0^05% or less, Ni: 6 to 20%, Cn 15 
to 30%, N: 0.5% or less, and Al: 0.001 to 5% with the balance consisting of Fe and inevitable impurities. On considering 
the performance as the tank material, such as corrosion resistance and processability. and the production cost, an 
austenite-type stainless steel sheet comprising the components satisfying the above-described range is preferred. 
[001 7] The soluble lubricating surface-treated stainless steel sheet with excellent shapabiiity for fuel tanks according 
to the present invention is characterized in that the substrate is a ferrite-type stainless steel sheet comprising, in % by 
mass, C: 0.5% or less, Si: 3% or less, Mn: 5% or less, P: 0.1% or less, S: 0.05% or less, Ni: 5% or less, Cr. 9 to 30%, 
N: 0.2% or less, and Al: 0.001 to 5% with the balance consisting of Fe and inevitable impurities. On considering the 
performance as the tank material, such as corrosion resistance and processability, and the production cost, a ferrite- 
type stainless steel sheet comprising the components satisfying the above-described range is preferred. 
[0018] The soluble lubricating surface-treated stainless steel sheet with excellent shapabiiity for fuel tanks is char- 
acterized in that the substrate is a two phase-type stainless steel sheet comprising, in % by mass, C: 0.5% or less, Si: 
5% or less, Mn: 15% or less, P: 0.1 % or less, S: 0.05% or less, Ni: 2 to 20%, Cn 12 to 30%, N: 0.5% or less, and Al: 
0.001 to 5% with the balance consisting of Fe and inevitable impurities. On considering the performance as the tank 
material, such as corrosion resistance and processability, and the production cost, a two phase-type stainless steel 
sheet comprising the components satisfying the above-described range is preferred. 

[001 9] The soluble lubricating surface-treated stainless steel sheet with excellent shapabiiity for fuel tanks according 
to the present invention is characterized in that the substrate stainless steel sheet, which is any one of austenite-type 
stainless steel sheet, ferrite-type stainless steel sheet and two phase-type stainless steel sheet, further contains one 
or more of, in % by mass, Mo: 0.01 to 8%, Cu: 0.01 to 5%, Ti: 0.01 to 1%, Nb: 0.01 to 1%, V: 0.01 to 1%, Mg: 0.001 
to 0.1%, Ca: 0.001 to 0.1%, B: 0.0005 to 0.05% and W: 0.01 to 5%. . 

[0020] Figs. 1 A to ID are vi ws showing the proc ss of manufacturing a fuel tank from a stainless steel sheet ac- 
cording to the pres ntinventiom 

[0021] As a result of xt nsiv inv stigations on the surface-treated stainless steel sheet with excellent shapabiiity 
for fuel tanks, it has been found that the abov -described performance can b satisfied by a soluble lubricating surface- 
treat d stainless st el sheet obtained by coating a soluble lubricating resin film as the surface layer on both surfaces 
or one surface of an austenite-type stainless steel sheet, a ferrite-type stainless steel sheet or a two phase-type stain- 
less st el sheet. Examples of the soluble lubricating resin film include a polyethylene gtycol-based film, a polypropylene 
glycol-based film, a polyvinyl alcohol-based film, an acrylic film, a polyester-based film and a polyurethane-based film. 
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Forforming a soluble film, the resin must b a resin water dispersion or a water-soluble resin 
[0022] Examples of the polyethylene glycol-based film include in wf«« mZI ^ / 

glycol and modified polyethylene qlycol each , ? the f,lm - formin 9 P ro P er ty. polyethylene 

S==ss==«ss=ssE5 

methyl methacrylate, elhy. methac'ryS^^ 

methacrylate, lauryl methacrylate, » hyd oxyethyl mefhacX and h^^S in Hf""*"* W 
polymer include styrene, acrjiamide, vinylLtate me ^.ate. Examples of the co- 

^-^.^E^^'JS ^ r ' ned bY ^ C0ndenSat,On Po^^o" « a Po-y- 

gU propylene^ 

and Methylene Exam P lesT*e^ 

cinic acid anhydrate, adipic acid, azelaic add. se^U^^^^^T^ suc " 
[0027] Samples of the polyuremane-based film indude^o^ 

~ 0 * 0 ' ^ 

or ironing, a lubricating resin film formed using LiSSS f ^ draWing 
soluble polyurethane resin composition constituting the oSSwT IL"^ effective. The 

-Sir trr b rrr d stain,ess steei ^ff-sasss?? byer of the 

[0029] The soluble polyurethane resin composition for use in the Dresentinuontinn » 
or a sulfonic acid group within the molecule and forms a fifm hlinTaVa dn^ ^Sr^? T " f 3 *^ ^ 
100-C or more, can be obtained by reacting a compound having L« i? ' 9 trans,t,on temperature of : 
compound having at least two active hydrog^w 2 1 ^ 5^ "* °* m ° ,eCUle ' 3 

hydrogen group within the molecule and at the •a^KSrSSStlS T" d I™ 9 * ^ 006 3CtiVe 
acid group, and dissoMng or dispersing the SJST^^- ^^'^A 

diisocyanate. tetramethylene dLcyanate, hexamlhyfene ISanate SS^STT" 38 
diisocyanate, 1 ,2-butylene diisocyanate, 2 3-butylene ?" e< ^ >1 « ene 
ylhexamethylene diisocyanate and 2 6 Jik^ZT™ ^f^" 3 te> 1 ' 3 - but ylene diisocyanate, 2,4,4- or2,2,4-trimeth- 

c.bhexyr^anate.^methylen^cyc.^ Z^^t^nTT^^'^^' 
clohexane diisocyanate, 1 ,4*is(isocyanate tJmSSS^TTi 222 , drisocyanate, methyl-2,6^- 
bornene diisocyanate, aromatic «2»nJZ^^ me % ijcyclohexane and nor- 

diphenyl diisocyanate, 1 .^naphthale^dflso^^ diisocyanate, 4,4'- 

anate and a mixture thereof, 4>,o,uidined^^ 

aromatic aliphatic diisocyanates such as 1,3- or 1,4-xWene diisocvanT^ i Z * ether diisocyanate, 

anate h xane, and tetraisocyanates such as 4,4'-diphenyldimethylethane-2 2' s s^tr*;^*^ . • ^ 
having a 2,4,6-oxadiazinetrione ring, obtained from the above-described n J£ - tf ? raisoc yanate; polyisocyanat s 

biuret, a.lophanate. carbodiimideo^csrbonicaddgaTd ^ 

example, adducts of a low molecular weight polyofhaving a mo^oTr^a^^T^^T^^ 
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polyether ester polyol, polyesteramide polyol, polycaprolactone polyol, polyvalerolactone polyol, acryl polyol, polycar- 
bonate polyol, polyhydroxyalkane, castor oil and polyurethane polyol. 

[0031 ] These various compounds having an isocyanate group may be used, however, in order to attain a sufficiently 
high processability with a glass transition temperature of 100°C or more, an aromatic, aromatic aliphatic or alicyclic 

5 isocyanate compound is preferably used and reacted. 

[0032] With respect to the compound having at least two active hydrogen groups per one molecule, examples of the 
compound having active hydrogen include compounds having an amino group, a hydroxyl group or a mercapto group. 
Among these, in view of the reaction rate with isocyanate group and the mechanical properties after the coating, com- 
pounds having a hydroxyl group are preferred. In the compound having active hydrogen group, the number of functional 

10 groups is preferably from 2 to 6, more preferably from 2 to 4, from the standpoint of keeping good mechanical properties 
of the coating. The molecular weight of the compound having an active hydrogen group is, in view of the concentration 
of urethane bond affecting the performance of the finally obtained coating or the workability in the production, preferably 
from 200 to 10,000, more preferably from 300 to 5,000. 

[0033] Examples of the compound where the active hydrogen is a hydroxyl group include polyester polyol, polyether 
15 polyol, polyether ester polyol, polyesteramide polyol, acryl polyol, polycarbonate polyol, polyhydroxyalkane, castor oil, 
polyurethane polyol and a mixture thereof. For the purpose of controlling the urethane group concentration and thereby 
optimizing the properties of the coating, a low molecular weight polyol having a molecular weight of 62 to 200, other 
than the above-described polyol, may further be mixed. Specific examples of the low molecular weight polyol include 
glycols used in the production of polyester polyol, such as ethylene glycol, propylene glycol, 1 ,3-propanediol, 1 ,4-bu- 
20 tanediol, 1,5-pentanediol, 1 ,6-hexanediol, 1,9-nonanediol, 1 ,8-nonanediol, neopentyl glycol, 2-methylpentandiol, 
3-methylpentanediol, 3 : 3-dimethylo!heptane, 2,2,4-trimethyM,3-pentanediol, 2,4-diethyl-1,5-pentanediol, diethylene 
glycol, dipropyiene glycol, 1 ,4-cyclohexanediol and 1 ,4-cyclohexanedimethanol; and compounds such as glycerin, 
trimethylolpropane and pentaerythritol. 

[0034] These various compounds having an active hydrogen group may be used, however, in ordertb attain solubility 
25 in an alkaline degreasing solution at a low temperature such as room temperature, polyester polyol and polyurethan 
polyol constituted by polyester polyol are preferred. Furthermore, in order to obtain a coating having flexibility capable 
of following the molding even under severe molding conditions despite the fact that the glass transition temperature 
of the dry film is 1 0O°C or more, polyether polyol and polyurethane polyol constituted by polyether polyol are preferred. 
[0035] Examples of the compound having at least one active hydrogen group within the molecule and at the same 
30 time/having an acid group such as carboxyl group or sulfonic acid group include sulfonic acid-containing compounds, 
their derivatives and polyester polyols obtained by the copolymerization thereof, such as 2-oxyethanesulfonic acid, 
phenolsulfonic acid; sulfobepzoic acid, sulfosuccinic acid, 5-sulfoisophthalic acid, sulfanyl acid, 1 ,3-phenylenediamine- 
4,6-disulfonic acid and 2,4-diaminotoluene-5-sulfonic acid; carboxyl group-containing compounds, their derivatives 
and polyester polyols obtained by the copolymerization thereof, such as 2,2-dimethylolpropionic acid, 2,2-dimethylol- 
35 butyric acid, 2,2-dimethylolvaleric acid, dioxymaleic acid, 2,6-dioxybenzoic acid and 3.4-diaminobenzoic acid; and car- 
boxyl group-containing compounds obtained by the reaction of acompound having an anhydrous group, such as maleic 
anhydride, phthalic anhydride, succinic anhydride, trimellitic anhydride and pyromellitic anhydride, with a compound 
having an active hydrogen group, and their derivatives. 

[0036] For introducing a carboxyl group or sulfonic acid group into the alkali-soluble polyurethane resin composition, 
40 at least one of the above-described acid group-containing compounds may be copolymerized at the production of the 
polyurethane prepolymer or may be reacted at the chain elongation reaction. The acid group is introduced into the 
polyurethane molecule within the acid value range of 30 to 180, whereby although the glass transition temperature of 
the dry film is 100°C or more, the coating can have adhesive property to stainless steel and thereby follow the molding 
even under severe molding conditions. 
45 [0037] In order to satisfactorily dissolve or disperse the alkali-soluble polyurethane resin composition in water, a 
neutrallzer is used to neutralize the carboxyl group or sulfonic acid group in the polyurethane resin composition. 
[0038] Examples of the neutralizer which can be used include basic substances, for example, tertiary amines such 
as ammonia, triethylamlne, triethanolamine, triisopropanolamine, trimethylamine and dimethylethanolamine, and alkali 
metal hydroxides such as sodium hydroxide and potassium hydroxide. These may be used individually or in combination 
so of two or more thereof. The neutralizer may be added directly to the polyurethane prepolymer or may be add d to 
water when the composition is dissolved or disp rsed in the water. The amount of the n utralizer added is from 0.1 to 
2.0 equivalents, preferably from 0.3 1 1 .3 equivalents, based on the hydrophilic group. 

[0039] In order to attain the g d alkali-solubility required in the present invention, sodium hydroxid or potassium 
hydroxide is preferably contained as the neutralizer. 
55 [0040] Furthermore, in order to further impr vethedissolvingordisp^rsingpropertyofthealkali-solublepolyurethane 
resin composition in water, e.g. a surfactant may be used. 

[0041] In synthesizing the polyurethane prepolymer, an organic solvent may also be used. In the case of using an 
organic solvent, specific examples thereof include acetone, methyl ethyl k tone, ethyl acetate, acetonitrile and N- 
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methylpyrrolidone. The amount of the organic solvent is pref rabh, on tho ^ 

reaction raw materials. B prer rab| y on the o^er of 3 to 50% by mass based on the 

[0042] The polyurethane prepolymer is dissolved or dispersed in water. „i Mah • 
th.st.rne. the temperature is preferably on the order from mom^ 3 miXer orthe like - At 

s of the basicsubstance which is neutralizing the bvtroohZar^TZ ° ° 80 38 to prevent evaporation 

such as water, the concentration of ^SX^SS^SSSS^ * *" in a medium 

[0043] Also, another chain-elongating agent may be reacted to in™Jl «, , 
o agen, used may be. for example ,a know? £$£ XoVn SSrlT ™e chain-elongating 
ammes such as ethylenediamine, 1 ,2-propanediamine I sTvL^T P<"yamine compound include di- 

zine. isophorondiamine, 4.^.oSeSaned^e pipe h raZine ' 2 ' 5 ^%<Pipera- 

1,4-cyclohexanediamine; polyamines such as diethvlen^Tmi 3 'J" dme *^^- 4 - d, ^ clohe ^'niethaned.arnine and 
ethylenepentamine; compounThavmg an Sinoaln^^ 

yethy.diethylenetrianiirie^ 2 i{ 2^Z^^^^T2^ ^ SUCh 33 h y dro ^%'hydrazine, hydrox- 
* These poiyamine compound may be uI^Xa^T^TT^T^ W™"^ and •« ^azides. 
[0044] The alkali-soluble polyurethane 

a film formation aid, a leveling agent a defoamina aoen^n^ I £ present .nvention may contain, if desired, 
= , The lubricating ^ 

• 

ironing. The lubricating function-importing ^may be anv ^JlTT *" pr0Cessabi,i * in aiding or 
obtained film, but preferably comprises one o^oH^f roTST! J- T* ' ,UbriCatin9 P-*"*»» to the 
pylene), fluorine-containing wax (e.g P olytXZoeTh2n^ ,T P^ 1 "-^ (e.g., polyethylene, polypro- 

. Winy, fluoride), paraffin-bied wLlnd^r^ 

' [0047] The granulated lubricating function-imparting aqent Dreferabh, h a = 

If the average particle size exceeds 1 0 urn, the film loses^e « *" aVera 9 e partic,e si2e of 1 0 jm, or less, 

in the adhesion of the lubricating film 

separation of the lubrication-imparting agent and mon^r " * adh6sion of a Serial, 

composition. The average particle size of the l^n^Tr^ * St ° ra9<i Stabi,itV 38 a coatina ^al 
amount of the lubricating function-im^ a9 f nt * fr0m 0 5 to 6 ^ 

contents of the soluble polyurethane resin <J5£2Y£ arnSL^T , t0 T° by B-M baS6d 0n 
effect cannot be obtained, whereas if it exceeds iTby ^Z ^^ T" 1% ' 8,6 reqUired ,Ubricatin 9 
lubrication-imparting agent may disadvantageous* oZ^'^^T^r^^ or separat ™ °f the 
more preferably from 5 to 20% by mass. ncating function-imparting agent is 

[0048] Silica is added in the case of improving the film strenath 0 rth 0a Hh» • 

The silica particle may be any silica particle such as water SZln^LT, T^' 0 SUbStrate surface - 
silica. For bringing out the processability or corms^fe^ 
2 to 30 nm and the secondary aggregate partTs^p^ 

preferably from 1 to 30% by mass based on the solid cond 2 1 ■ 6SS - The amount added of silica « 
added is less than 1%, a sufficiently high ^ffeS of imorovfnTthi P ° ,Vlirethane ^sin composition. If the amount 
adhesion to the iower layer cannot beVadsSnVenZced whe^H be obtainad a " d *e 

and therefore, the processability decreases to really geneS gawT ^ W **■ Med 
[0049] The soluble lubricating resin film for coverinq the soluble i..hrL«„,, „ 

fuel tanks of the present invention may contain in add! , to hi ^ 9 SUrface - treated stair »«* steel sheet for 
-Parting adesign property, an electrica^co^ 

a defoamlng agent, a dispersant, a desiccating agem 7sSiz er ^S« ^conductivity, a thickening agent, 
tisepUcagentandanantifreezingagentaccordLtot^ 

of resin. a y i ccuoramg co tne purpose w.thm the range of not reducing the physical properties 

[0050] The thickness of the soluble lubricating resin film coveriha th« c «i..k. , u • 

stee sheet for fuel tanks of the present invention' is prefe^^m 0 5 to 10 ^ EES 1' Urface ; treated 

scratches reaching the plating layer cannot b prevent d due to Td^,! ,^ I e ^oss 's less than 0.5 nm, 

time.therequiredprocessabilirycannotbeobteinedduetoslidinrwh^^^^ 

of powder dropped out from the coating increases and the metal mot ^*!f K . SS eXCeedS 1 ° » un ' Qenera «on 
the productivrty. The lubricating resin film covering ^ 

as roll coater application or spray coating, and Sn^X 9 " kn0Wn 
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[0052] In the present invention, the substrate may be treated with phosphate or chromate so as to increase the 
corrosion resistance and the adhesive property. In this case, the chromate treatment is any one of electrolysis-typ 
chromate treatment, reaction-type chromate treatment and coating-type chromate treatment. The chromate film is 
preferably formed by coating a chromate solution prepared by adding silica, phosphoric acid and at least one hydrophilic 

5 resin to reduced chromic acid, and drying the solution. 

[0053] The amount of phosphate attached is from 0.5 to 3.5 g/m 2 in terms of phosphate and the amount of chromate 
attached is, in terms of metal chromium, preferably from 5 to 150 mg/rn 2 , preferably from 1 0 to 50 mg/m 2 If the amount 
attached is less than 5 mg/m 2 an excellent anticorrosion effect cannot be obtained, whereas if it exceeds 150 mg/m 2 , 
the processability is deteriorated and, for example, the chromate film undergoes cohesive failure during shaping. Ac- 

10 cording to the purpose, the substrate may further be subjected to an acid washing treatment, an alkali treatment; an 
electrolytic reduction treatment, a cobalt plating treatment, a nickel plating treatment, a silane coupling treatment or 
an inorganic silicate treatment. In the soluble lubricating surface-treated stainless steel sheet for fuel tanks of the 
present invention, a lubricating oil or a lubricating and rust-preventing oil may further be coated as the upper layer of 
the soluble lubricating resin film. The lubricating oil or lubricating and rust-preventing oil, however, preferably does not 

15 swell or dissolve the soluble lubricating resin film. 

[0054] In the soluble lubricating surf ace^treated stainless steel sheet with excellent ^hapability for fuel tanks accord- 
ing to the present invention, the austenite-type stainless steel sheet used as the substrate preferably comprises, In % 
by mass, C: 0.5% or less, Si: 5% or less, Mn: 15% or less, P: 0.1% or less, S: 0.05% or less, Ni: 6 to 20%, Cn 15 to 
30%, N: 0.5% or less and Al: 0.001 to 5%, with the balance being Fe and inevitable impurities. By satisfying this range, 

20 the performance as the tank material, such as corrosion resistance and processability, and the production cost can be 
.satisfied. 

[0055] In the soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks accord- 
ing to the present invention, the ferrite-type stainless steel sheet used as the substrate preferably comprises, in % by 
mass, C: 0.5% or less, Si: 3% or less, Mn: 5% or less, P: 0.1% or less, S: 0.05% or less, Ni: 5% or less, Cn 9 to 30%, 
25 N: 0.2% or less and Al: 0.001 to 5%, with the balance being Fe and inevitable impurities. By satisfying this range, the 
performance as the tank material, such as corrosion resistance and processability, and the production cost can be 
satisfied. 

[0056] In the soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks accord- 
ing to the present invention, the two phase-type stainless steel sheet used as the substrate preferably comprises, in 
30 % by mass, C: 0.5% or less, Si: 5% or less, Mn: 15% or less, P: 0.1% or less, S: 0.05% or less, Ni: 2 to 20%, Cn 12 
to 30%, N: 0.5% or less and Al: 0.001 to 5%, with the balance being Fe and inevitable impurities. By satisfying this 
range, the performance as the tank material, such as corrosion resistance and processability, and the production cost 
can be satisfied. 

[0057] In the soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks accord- 
35 ing to the present invention, the substrate stainless steel sheet, which is any one of austenite-type stainless steel sheet, 
ferrite-type stainless steel sheet and two phase-type stainless steel sheet, may further contain one or more member 
of, in % by mass, Mo: 0.01 to- 8%, Cu: 0.01 to 5%, Ti: 0.01 to 1%, Nb: 0.01 to 1%, V: 0.01 to 1%, Mg: 0.001 to 0,1%, 
Ca: 0.001 to 0.1%, B: 0.0005 to 0.05% and W: 0.01 to 5%. 

[0058] After the coating of the soluble lubricating resin film, the soluble lubricating surface-treated stainless steel 
40 sheet of the present invention is subjected to molding such as press molding, deep drawing or ironing. Even when 
such severe processing is applied, by virtue of excellent processability and lubricity of the soluble lubricating resin film 
of the present invention, sufficiently high shapability can be obtained and scratching or galling on the steel sheet surface 
can be prevented. 

[0059] After the soluble lubricating surface-treated stainless steel sheet covered with the soluble lubricating resin 
45 film of the present invention is mold-processed as such, the lubricating resin film may be removed by a treatment with 
an alkali, hot water or a solvent. Furthermore, after the removal of the soluble lubricating resin film, the stainless steel 
sheet of the present invention can be welded to produce a fuel tank. The soluble lubricating resin film of the present 
invention has good solubility and therefore, causes nb adverse effect at the welding. 

[0060] The formation of a lubricating film of a soluble lubricating surface-treated stainless steel sheet coated with a 
so soluble lubricating resin film of the present invention, the mold processing, the removal of th lubricating resin film and 
the production of a fuel tank by welding are described below by referring to Figs. 1 A to 1D. The sojuble lubricating 
resin film 2 of the present invention is coated on a stainless steel sheet 1 to prepare a soluble lubricating surface- 
treated stainless steel sh et(se , Rg. 1A). This stainl ss ste Isheet cov red with a soluble lubricating resin film is, 
for example, deep-drawn to obtain a molded article 3. This molded article comprises a stainless steel sheet 1 and a 
55 lubricating resin film 2 and scratches and galling are not bserved on the steel sheet 1 (see, Fig.. 1B). After the mold 
processing, the molded article 3 was treated with an alkali solution or hot water using a spray method or a dipping 
method to remove the lubricating resin film 2 (siee, Fig. 1 C). Thereafter, the molded article 3 from which the lubricating 

film is removed is welded to manufacture a fuel tank 4 (Rg. 1 D). 

.. . . . - 
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EXAMPLES 

[0061] The present invention is described below by referring to Examples. 
1 • Tested Materials 



2. Productio n of Soluble Polyurethane Aqueous Composition 
(Production Example 1) 

iHMiXMyqtaam. nM 90 , amMm^plM, acid i^nSSL'ilf/, ?,!; , ' ^ ,a " aK " 

(Production Example 2) 

[0064] To four-neck flask equipped with a stirrer, a Dimroth condenser, a nitrogen inlet a silica ael rfn, nin* a 
(Production Example 3) 

2EX.TZZ^iT*?? so, ? on contai ' ning 1150 9 of sodium **»*»• S^SS^SS;.^ 

water using a homodisperser and thereby formed into an emulsion. To this polyurethane emulsion 14 1 1 a of omo IZ 
noethyl)amino]ethanol diluted with 126.99 g of water was added and allowed Z ™ T , . 2 " f(2 ' am '- 

reduced pressure of 150 mmHg to obtain substantially solventless PtLra^cl , % T 

47, a solid concentration of 30% and a viscosity of 35 ops Emulsion C having an acid value of 
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(Production Example 4) 

[0066] To four-neck flask equipped with a stirrer, a Dimroth condens r, a nitrogen inlet, a silica gel dry pipe and a 
thermometer, 87.11 g of 3-isocyanatemethyl-3 : 5,5-trimethylcyclohexylisocyanate, 31.88 g of 1,3-bis(1-isocyanate- 
1 -methylethyl)benzene, 41 .66 g of dimethylolpropionic acid, 4.67 g of triethylene glycol, 62.1 7 g of polytetramethylen 
ether glycol having a molecular weight of 2,000 and 122.50 g of acetonitrile as a solvent were added. After elevating 
the temperature to 70°C, the mixture was stirred for 6 hours in a nitrogen atmosphere and by confirming that a prede- 
termined amine equivalent was reached, an acetonitrile solution of polyurethane prepolymer was obtained. Thereafter, 
346.71 g of the obtained polyurethane prepolymer solution was dispersed in an aqueous solution containing 12.32 g 
of sodium hydroxide dissolved in 639.12 g of water using a homodisperser and thereby formed into an emulsion. To 
this polyurethane emulsion, 12.32 g of 2-[(2-aminoethyl)amino]ethanol diluted with 110.88 g of water was added and 
allowed to cause a chain elongation reaction. Subsequently, the acetonitrile used in the synthesis of polyurethane 
prepolymer was removed by distillation at 50°C under reduced pressure of 1 50 mmHg to obtain substantially solventless 
Polyurethane Emulsion D having an acid value of 69.0, a solid concentration of 25% by mass and a viscosity of 30 
mPa-s. 

3. Production of Soluble Lubricating Surface-Treated Stainless Steel Sheet for Fuel Tanks 

(Example 1) 

[0067] 



Soluble polyurethane aqueous composition obtained in Production Example 

1 •" ' ' "• -, • : • • . 

Solid Lubricant (Note 1) 



500 parts by weight . 
37 parts by weight (10*) 



(Note 1) Solid lubricant: Low-density polyethylene wax resin having a softening point or 110°C and an average particle size of 2.5 um, the solid 
content percentage: 40% 

('amount added per 100 of urethane resin solid content) 

[0068] A lubricating film having this construction and having a compositional ratio shown in Table 1 was formed on 
the stainless steel sheet prepared above through coating by a bar coater and then baked and dried in a heating furnace 
at 1 80°C while setting the temperature of the metal sheet to reach 80°C. 

Table 1 



Chemical Components (unit: %) 




C 


Si 


Ivtn 


P 


S 


Ni 


Cr 


Mo 


Cu 


N 


Tl 


Austenite-type A 


0,019 


0.38 


0.88 


0.028 


0.003 


9.58 


18.09 






0.038 




Austenite-type B 


0.018 


0.44 


0.85 


0.026 


0.001 


12.26 


17.21 


2.82 




0.035 




Austenite-type C 


0.033 


1.43 


1.07 


0.028 


0.001 


6.85 


17.17 




2.23 


0.060 




Austenite-type D 


0.028 


1.85 


0.69 


0.021 


0.015 


10.03 


17.87 


0.64 


2.09 


0.045 


i 


Ferrite-type E 


0,004 


0.09 


0.13 


0.024 


0.001 




17.45 


1.19 




0,012 


m 


Ferrite-type F 


0.010 


0.50 


0.35 


0.024 


0.007 




11.05 








0.23 


Two phase-type G 


0.020 


0.46 


1.75 


0.020 


0.001 


5.15 


21.68 


2.93 




0.130 





(Examples 2 to 52 and Comparative Examples 1 to 7) 

[0069] Soluble lubricating surface-treat d stainless ste I sheets of Examples 2 to 52 were obtained in the same 
mann r as in Example 1 except for changing th substrate stainless ste I sheet and the soluble lubricating film com- 
position as shown in Tabl 1. 

[0070] In addition to the soluble polyurethan resin composition above, the soluble lubricating film was formed using: 



• Polyethyl ne glycol having a m lecular weight of 20,000 

• Isocyanate-modified polyethylene glycol having a molecular weight of 60,000 



35 



40 



45 



50 



55 
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• Polypropylene glycol having a molecular weight of 20,000 

• Complete saponification-type polyvinyl alcohol 

• Acrylic resin comprising a mixture of acrylic acid/styrene/maleic acid 

10 4 - Evaluation of Performance 

[0073] The ob la ,ncd samp.es were tested and evaluated on the performance as follows. 
5 '0) Measurement of Glass Transition Temperature 

52n-E sSshoZX l^^l^^^ "ode, VMS (manufactured 

5 O-c/min. the sam P ,o fcngth was 5 em^725S 2 o7Z 5^ "? 7*"*™ rate was 

glass transition temperature. amp.nuae was 0.01 mm. The peak of tan 5 was designated as the 

(2) Measurement of Press Shapability 

Sonars 

were evaluated. The evaluation was performed using -^^T^^SIS^: 9 ?^ 9 P* 0 *^ -PP~««o. 
at room temperature and elevated temperature (i^C) ^rature condition in the molding test, namely, 

• Punch size: 40 mm* 

• Blank size: 68 to 97.5 mm 

• Die size: 43 mm* 

• Load for unwrinkling: 1 ton 

[0076] Th.e» au ^„ 0( ™„^,„ sp ^ WTOto ^^ tofc(< ^ i>g ^ 
® •' No defect on steel sheet surface. 

O: No defect on steel sheet surface; sliding face was slightly discolored 
A. Galling was slightly generated on the steel sheet surface 

x : A large number of linear galls were generated on the steel sheet surface. " 
(3) Evaluation of Degreasing Property 

[0077] Degreasing Solution FC-4058 (produced bvNiDoonParfcoricin^ L, . - 

was sprayed on a specimen for 8 seconds and iZZZ2 ,n9 ;* t * U8tedt0 a P H of temperature: 40-C) 
measured by the infrared spectroscopic SSJlS^ ^ residua, percentage was 

® : No residual film. 

O: Film residual percentage was 5% or less. 

A: Rim residual percentage was in excess of 5% but 1 0% or l ss 

x : Rim residual percentage was in excess of 10%. 

(4) Evaluation of Corrosion Resistance 

was dipped in a test solution and a glass fid was fixed thmuoh a off of 20 mm by . hydraulic molding machin 



corroded 
resin film afterthe drawing. 



• * * ' * 
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<Test Conditions> 
[0079] 

5 Test Solution: gasoline + distilled water 10% + formic acid 200 ppm 
Test Period: 5 weeks at 40°C 

<Criteria of Evaluation> 

10 [0080] 

G Red rust generation was less than 0.1%. 

A: Red rust generation wasfrom 0.1% to Iessthan5%. 

Red rust generation was 5% or more. 

15 . •;. /* . .'• • • . . 

[0081] As seen in Tables 2 and 3, the soluble lubricating surface-treated stainless steel sheets according to the 
present invention ail exhibit excellent shapability and, after working, have high corrosion resistance and good film 
removability and is retarded to generate gases. 

20 

* ■ . ■ . . t 4 

: - . t 

• ■*!«'■* r ' -** 

• 25 ' \ *' ;. ••• '* " '. 

. ' t • " ' ' ' *."''-*""..' ' ■ " * " 
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10 



15 



20 



Invention 



25 



30 



35 



Comparative 
Example 



40 



No. 



21 
22 
23 
24 
25 



Table 2 
Evaluation Results 

Kind of Stainless Steel 
Sheet 

Austenite-tvpe A 



Austenite- 
Austenite— 
Austenite- 
Ferrite- 

Ferrite^ 
Two phase- t 
Farrite- 
Ferrite-t i 
Ferrite- 
Ferrite- 
Ferrite- 



B_ 
_C 
D 

JL 
>e G 



Ferrite- 



Ferrite- 
Ferrite- 
Ferrite- 



Ferrite-J 



Ferrite- 
Ferrite- 
Austenite- 
Austenite- 
Ferrite-type E 



Ferrite- 
Austenite- 
Austenite- 
Austenite-t 
Auatenite- t 



E 

Ferrite-type F 



Two phase- 



Amount of 
Chroma te 
Attached 

(ag/m*) 
untreated 
untreated 
untreated 
untreated 



untreated 



untreated 
untreated 



untreated 
untreated 
untreated 
untreated 



untreated 
untreated 
untreated 
untreated 
untreated 



untreated 
untreated 
untreated 
untreated 
untreated 



Kind of 
Lubricating 
Film Resin 



FVA 
usryj 
Urethane A 
Urethane A 



Urethane 
Urethane 
Urethane 
Urethane 
Urethane 
Urethane 
Urethane 
Urethane 
Urethane 



Urethane D 
untreated 
untreated 
untreated 



untreated 
untreated 
untreated 



untreated 
untreated 



untreated 



untreated 



45 



50 



1 

I - ' * 

EP1 186 351 A1 



Table 2 (continued) 



• . 






Kind of Solid Lubricant and Composition 




Film 
Thick- 


5 


- 




PE Wax 


PE Wax 


PTFE 


Paraffin 


Calcium 
St^arate 
Wax 


Silica 






No. 


' A 


' B 


Wax 


Wax 




ness 






• 


Amount 


Amount 


Amount 


Amount 


Amount 


Amount 










Added 


Added 


Added 


. Added 


Added 


Aooeci 


turn) 


10 


• 


• 


A A\ \ 

(%) 


(%) 


(%) 


(%) 


(%) 








1 


10 










u 


1 0 

X . \J 


• 


■ 


2 


10 






'* 






1 0 
X . u 




■ ■ 


J 


10 










a 


1 ft 


■ 




• A 
H 


10 










0 


x • \j 






c 


10 




■ 


— : 




o 


1 0 

X * V 


15 

'• * 


* - • '■ 


o 


10 










o 

• 


1 0 






«■> 

/ 


10 


• 






* 


0 


1.0 




- 


o 
O 


10 










' 0 


1.0 


■ ■ 




A 


10 










0 


1.0 




• '■ 


in 
x u 


10 










0 


1.0 








10 










0 


1.0 


. ■ ■ 


■ 




10 






• 




o 


1. 0 




Invention 


.13 




10 






- : 

• 


0 


1 0 

■ X . V 




14 




• 


10 






n 
u 


1 ft 

X ■ V 


■ • 


■ + _ 


15 








10 




• ft 

•VI 


1 ft ' 
X . w 


25 




16 










10 


u 


1 ft 
X . v 


- ■ . 


< 

( . j" _ m m l. 


17 


10 










1 A 

xu 


1 ft 
X . V 






18 


15 




* 




• 


0 


1 A 
J • U 


- ■ . • 


• *, . 


19 


10 


• . ■ 




* 1 






X . 0 






20 


10 










0 


1 A 

1.0 


30 




21 


10 


- 








0 


1 A 

X . 0 




• ■ 


22 


10 










A 

0 


A C 


• 






10 










o 


5 . 0 






24 


10 










0 


1.0 




• 


25 


10 










0 


1.0 


35 




26 




10 








0 


1.0 






1 




















2 


















Comparative 
Example 


3 


















4 
















40 


5 


















£ ' ' ' r 


6 










I- 








■ ■ ■ • » 


7 








^^^^^^^ 









45 



50 



" t 
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Table 2 (continued) 




Resin: 
[0082] 

PEG- A: polyethylene glycol (molecular weight: 20,000) 

PEG-B: isocyanate-modified polyethylen glycol (molecular weight: 60 000 
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PPG: polypropylene glycol (molecular weight: 20,000) 

PVA: polyvinyl alcohol (complete saponification typ ) 

Acryl: a mixture of acrylic acid-styrene-maleic acid 

Urethane A to D: Urethane Compositions A to D. described in Examples. 

Kind of solid lubricant: 

[0083] 

PE Wax A: low density polyethylene wax, softening point: 110°C, average particle size: 4.0 urn 
PE Wax B: low density polyethylene wax, softening point: 110°C, average particle size: 2.5 jim 
: PTFE Wax: polytetrafluoroethylene wax, average particle size: 3£ \xm 
Paraffin wax: synthetic paraffin wax, melting point: 105°C, average particle size: 5,0 \im 
Calcium stearate wax: average particle size: 2.0 \im Silica: 

Colloidal silica: average particle size: 1 0 to 20 nm, pH: 8.6, heating residue: about 20% 
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15 



20 



Invention 



25 



30 



35 



40 



Comparative 
Example 



No. 



37 



38 



45 



48 



51 



52 



Table 3 
Evaluation Results 

Kind of Stainless Steel 
Sheet 



27 


Austenite-type A 


28 


1 Austenite-type B 


[ 29 


1 Austenite-type C ~ 


30 


I Austenite-type D ~ 


31 


1 Ferrite-type E 


32 


' Ferrite- type F 


.33. 


Two phase- type G ~~1 


34 


Ferrite- type E I 


35 




36 


Ferrite- type E " | 



Ferrite-' 



>e E 



Ferrite- type E 



Ferrite 
Ferrite 
Ferrite 



-type 



Ferrite^ 



Ferrite - 



Ferrite- type E 



Ferrite- 
Ferrite- 



Ferrite- type E 
Austenite-type A 
Austenite-type A 
Ferrite- type g 



Ferrite- type E 
Aus teni te- type A 



Austenite-type B 
Aus teni te- type C 



Aus teni te - type D 



Amount of 
Chroma te 
Attached 
<mg/m 2 ) 



20 



20 



20 

untreated 



untreated 
untreated 



untreated 



untreated 
untreated 
untreated 



Kind of 
Lubricating 
Film Resin 

Ure thane A 
Urethane A 
Urethane A 
Urethane A 
Urethane 
Urethane 
Ur ethane 
PEG-A 
PEG-B 



Urethane 
Urethane 
Urethane 



Urethane 
Urethane 
Urethane A 



Urethane 



Urethane B 
Urethane C 



Urethane A 
Urethane B 
Urethane C 
Urethane O 



Urethane D 
untreated 



untreated 
untreated 



untreated 



untreated 
untreated 
untreated 



45 



SO 



55 
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Table 3 (continued) 





- 

Ma 

no ■ ' 


Kind of Solid Lubricant and Coo 


Dosition 


Silica 


Film 
Thick- 
ness 


PE Wax 

.A 

■ 


PE Wax 
B 


PTFE 
Wax 


Paraffin 

Wax 


Calcium 

C 4* ^ w ^ 

bcearace 

Way 


Amount 
Added 

\* J 


Amount 
Audeu 


Amount 
Aactea 


Amount 
Added 

1 * | 


Anoun u 

AUUOU 
1 ■ / 


AUUBU 
\ « 1 




Invention 

-. ■ 1 

* • 

K 


27 


1 a 










o 


1 0 


a o 


xu 
















i a 










ft 


x . \j 




1U 




— 








1 0 


51 


1U 










ft 


1 0 
x • v 


50 


io 




• 






A 


1 0 


JJ 


A A 

10 














5/1 


xu 












1 0 

X * V 


3S 


1 n 
1U 




■ 




• 


o 


1 0 




. 1 A 

1U 










0 


1.0 


57 
j / 


1 A 
1U 











0 


1 0 

A » w 


JO 


10 










6 


1 0 


5Q 




1 A 

XU 








o 

V 


1 0 


4 A 

4U 






10 






A 
V 


1 0 


4 X 








10 


• 


A 
V 


1 0 


4Z 






■ 






ft 


1 0 

X . V 




10 


■ 










1 

■ x . u 


ji A 

44 


15 




■ 




— — 

■ " 


A 


3 ft 


A C 

45 


10 


• 








A 
U 


JL . U 


A £ 

46 


10 








. * ■ 


0 . 


X . U 


a *y 
47 


10 




• 




1 


A 
U 


1 ft 

X . u 


48 


xu 










0 


A C 

0.5 




10 










o 


5.0 


50 


10 










0 


1.0 


51 


10 










0 


1.0 


52 




10 








0 


1.0 


Comparative 
Example 


1 
















2 
















3 
















4 
















5 
















6 
















7 
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Table 3 (continued) 



Glass 
Transi- 
tion 
Temper- 
ature 
(°C) 



LDR 



2.00 



Evaluation 
Results of Mold 
Galling Property 



100°C 



Evaluation of 

Degr easing 
Property, Film 
Residual 
Percentage 

after 
Decreasing 
with Alkali 



Corrosion 
Resistance 



© 

© ; 
i © 


© 

® ; 
© 


© ~ 

1 © 


OOO 


T~ © 

J @ 


| (3\ 

1 ley 
T (3) 


I (5/ 

J 

1 /r\ 
1 C9> 


o 
o 
o 


J © 


1 © 


T © 




o 


o 
o 


r A 

T A 


1 /On 

1 v5> 


o 
o 


o 

0 


A 

J 4—1 

T A 

1 I — 1 


1_ (5) 

L vS) 


o 
o 


© 


1 A 
1 AA 


O 


J u 


© 


f " fc) " 


® 


o 


© 




•• ' ■■ -©•■ . J 


o 1 


© 

© ] 


i © 

f ' © ] 
. © 


K~ (3) ' j 

© " 

© 


! o 

o 
o 


© 1 


© | 

© 

© i 


© 
© 
© 


© \ 

© ~T 
© ~| 


o 


o 
o 


' © ! 


@ 


© j 


o 


© 


,", © 


© 


o 


© 


© 1 


© T 


Q 


© 


© f 


© T 


o 


_ © 


© 


© 


o 


© 


_ © 


© T 


o 


A 






o 


A 


A 




o 


A 


A 




o 


A 


A 




o 


A 
A 


A 




o 


A 


A 
A 




o 
o 
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Resin: 
[0084] 



PEG-A: polyethylene glycol (molecular weight: 20,000) 

PEG-B: isocyanate-modified polyethylene glycol (molecular weight: 60,000 
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PPG: polypropylene glycol (molecular weight: 20,000) 
PVA: polyvinyl alcohol (complete saponification type) 
Acryl: a mixture of acrylic acid-styrene-maleic acid 
Urethane A to D: Urethane Compositions A to D described in Examples. 

Kind of solid lubricant: . 
[0085] 

PE Wax A: low density polyethylene wax, softening point: 110°C, average particle size: 4.0 \un 
PE Wax B: low density polyethylene wax, softening point: 11 0°C, average particle size: 2.5 ^um 
PTFE Wax: polytetrafluoroethylene wax, average particle size: 3.5 urn 
Paraffin wax: synthetic paraffin wax, melting point: 105°C, average particle size: 5.0 \im 
Calcium stearate wax: average partide size: 2.0 urn Silica: 

Colloidal silica: average particle size: 10 to 20 nm, pH: 8.6, heating residue: about 20% 
According to the present invention, a soluble lubricating surface-treated stainless steel sheet with excellent shapa- 
bility for fuel tanks and a method for producing a fuel tank can be provided and this greatly contributes to uses for 
fuel tanks. Accordingly, the industrial value of the present invention is very high. 



Claims 

1 . A soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks, comprising a 
substrate having on both surfaces or one surface thereof a soluble lubricating resin film, said substrate being a 
stainless steel sheet selected from an austenite-type stainless steel sheet, a ferrite-type stainless steel sheet and 
a two phase-type stainless steel sheet. 

2. A soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks, comprising a 
substrate having on both surfaces or one surface thereof a soluble lubricating resin film mainly comprising (A) a 
soluble polyurethane resin composition containing acarboxyl group or a sulfonic acid group within the molecule 
and having a glass transition point of 1 00°C or more as a dry film and (B) a lubricating function-imparting agent in 
an amount of from 1 to 30% by mass based on said soluble polyurethane resin composition, said substrate being 
a stainless steel sheet selected from an austenite-type stainless steel sheet, a ferrite-type stainless steel sheet 
and a two phase-type stainless steel sheet. 

3. A soluble lubricating surface-treated stainless steel sheet with excellent shapability for fuel tanks, comprising a 
substrate having on both surfaces or one surface thereof a soluble lubricating resin film mainly comprising (A) a 
soluble polyurethane resin composition containing a carboxyi group or a sulfonic acid group within the molecule 
and having a glass transition point of 1 00°C or more as a dry film, (B) a lubricating function-imparting agent in an 
amount of from 1 to 30% by mass based on said soluble polyurethane resin composition and (C) silica particles 
in an amount of 1 to 30% by mass based on said soluble polyurethane resin composition, said substrate being a 
stainless steel sheet selected from an austenite-type stainless steel sheet, a ferrite-type stainless steel sheet and 
a two phase-type stainless steel sheet. 

4. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in clajm 2 or 3, wherein the 
amount of an acid group contained in (A) the soluble polyurethane resin composition for forming a soluble lubri- 
cating resin film is from 30 to 1 80 in terms of an acid value. 

5. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in. any one of claims 2 to 4, 
wherein the n utralizer for the acid group contain d in (A) the soluble polyur thane resin composition for forming 
a soluble lubricating resin film is sodium hydroxid or potassium hydroxide. 

6. Thesolubl lubricating surfac -treated stainless steel sh et for fuel tanks as claimed in any on of claims 2 to 5, 
wherein the main component constituting (A) the soluble p lyurethan resin composition for forming a soluble 
lubricating resin film is polyester polyol. 

7. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in any one of claims 2 to 5, 
wherein the main component constituting (A) the soluble polyurethane resin composition for forming a soluble 
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lubricating resin film is poiyether polyol. 



U ? 2 6 u nCatm9 surface - treated stain,ess ^ ^eet for fu I tanks as claimed in any one of claims 2 to 7 
^lc?L n ^^ ,ub l nc f ^^ion-imparting agent (B) comprises one or more members selected from the group 
consisting of polyolef in-based wax, fluorine-containing wax, paraffin-based wax and stearic acid-based wax 

9 ' l^TT ,U b K Catin9 surface " treated stain,ess steel sh *et ^ fuel tanks as claimed in any one of claims 1 to 8, 
wherein the substrate is an austenite-type stainless steel sheet comprising, in % by mass: 

C: 0.5% or less, 
Si: 5% or less, 
Mn: 15% or less, 
P: 0.1% or less, 
S: 0.05% or less, 
Ni: 6 to 20%, 
Cr 15 to 30%, 
N: 0.5% or less, and 
Al: 0.001 to 5% 



with the balance consisting of Fe and inevitable impurities. 



10. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in any one of claims 1 to 8 
wherein the substrate is a ferrite-type stainless steel sheet comprising, in % by mass: 

C: 0.5% or less, 
Si: 3% or less, 
Mn: 5% or less, 
P: 0.1% or less, 

S: 0.05% or less, ' 

Ni:5%or less, 

Cr: 9 to 30%, 

N: 0.2% or less, and 

Al: 0.001 to 5% with the balance consisting of Fe and inevitable impurities. 

11 " Ul! S0,U S e ,ul ^ atin 9 surface - treated Sinless steel sheet for fuel tanks as claimed in any one of claims 1 to 8 
wherein the substrate is a two phase-type stainless steel sheet comprising/in % by mass: 

C: 0.5% or less, 
Si: 5% or less, 
Mn: 15% or less, 
P: 0.1% or less, 
S: 0.05% or less, 
Ni: 2 to 20%, 
. Cr: 12 to 30%, 
N: 0.5% or less, and 

Al: 0.001 to 5% with the balance consisting of Fe and inevitable impurities 

12. The soluble lubricating surface-treated stainless steel sheet for fuel tanks as claimed in any one of claims 9 to 11 
wherein the substrate stainless steel sheet further comprises one or more of, in %. by mass: 

Mo: 0.01 1 8%, 

Cu: 0.01 to 5%, 

Ti: 0.01 to1%, 

Nb: 0.01 to1%, 

V: 0.01 to 1%, 

Mg: 0.001 to 0.1%, 

Ca: 0.001 to 0.1%, 

B: 0.0005 to 0.05%, and 
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W: 0.01 to 5%. 

13. A method for manufacturing a fuel tank, comprising a step of molding the soluble lubricating surface-treated stain- 
less steel sheet for fuel tank, which is covered with a soluble lubricating resin film, as claimed in any one of claims 
1 to 12, a step of treating the molded soluble lubricating surface-treated stainless steel sheet with an alkali or hot 
water to remove said soluble lubricating resin film, and a step of welding said soluble lubricating surface-treated 
stainless steel sheet after the removal of said soluble lubricating resin film. 
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